Some Legionella strains possess a strong extracellular proline-specific endopeptidase (PSE) activity. Using an enlarged selection of chromogenic peptides representing a variety of N-terminal amino acids binding to a -prolyl-proline.paranitroanilide chain, PSE activity of Legionella and Flavobacterium strains was examined. Differences in PSE activity emphasized the importance of the chemical structure at the nonchromogenic end of the peptide substrates. There seem to be distinct patterns of N-terminal specificity of PSE in the two bacterial groups.
Synthetic, para-nitroanilide (pNA)-derivatized (chromogenic) tri-and tetrapeptides (13) are a sensitive and specific tool for demonstration of bacterial protease activity (5) . The pNA is attached to the carboxy-terminal (C-terminal) end of a peptide chain by an amide bond. Some proteases, primarily endopeptidases (1, 2), recognize the peptide molecule from the aminoterminal (N-terminal) end (9, 12) . At the Cterminal end, the amide bond is broken, liberating free pNA. Whereas the chromogenic peptide is colorless, the free pNA gives a yellow color, easily quantitated by optical density (OD) readings. The pNA itself is not recognized by the proteases, but the rest of the peptide molecule is active in the enzyme-protein interaction.
It was shown with chymotrypsin-like proteases from Legionella strains (5) that less elaborate configurations than tri-and tetrapeptides did not fulfill the requirements for detection of enzyme activity (14) . As reported, analysis for chymotrypsin-like activity by the use of a chromogenic amino acid thus repeatedly failed to detect what appears to be a major extracellular protease in strains from several Legionella species (5) .
Chromogenic peptide hydrolysis distinguishes between different Legionella species (4, 5) . Some of these species were noted to have proline-specific endopeptidases (PSE), a group of proteases uncommon in mammals but present in some Flavobacterium strains (14) . In the present investigation, the extracellular protease pattern comparison is extended to a larger material of proteolytic bacteria and a selected group of similar chromogenic peptides constructed around a -prolyl-proline.pNA (-Pro-Pro.pNA) chain. The differences in the N-terminal construction of the -Pro-Pro.pNA peptides were in some instances very slight. The intention with this group of peptides was to study the interference on protease activity of the N-terminal end of the chromogenic peptides. Although the natural distribution is not completely established for some species, these bacterial groups appear to share their soil and water natural habitat, while participating in disease production under certain circumstances.
MATERIALS AND METHODS
The Legionella strains were grown on charcoalyeast extract agar plates (7) or kept frozen at -70°C in horse serum with 5% inositol added. The strains c For the relatively water-insoluble peptides, 10% dimethyl sulfoxide (DMSO) served as cosolvent.
d Demonstrated in Fig. 1 only.
originating from culture collections were kept lyophilized until plating on horse blood agar for 2 to 10 days before use. Production of bacterial extracellular concentrates. Heavy inocula from overnight bacterial growth on agar plates were cultured in broth tubes rotating in a roller drum at 37°C according to the procedure of Berdal and Fossum (3). The Legionella strains, F. meningosepticum ATCC 10016 and 10586, and Flavobacterium spp. 4225/1 and 4347/2, were cultured in yeast extract broth (11) for an optimum of 14 h (3). All other bacteria, as well as the four Flavobacterium strains mentioned, were cultured in tryptic soy broth (Difco Laboratories, Detroit, Mich.) for 10 h, which permitted a satisfactory production of protease for these strains (Berdal, unpublished data). The viable count after incubation was more than 5 x 109 CFU/ml.
After centrifugation at 5,000 x g for 30 min, the supernatants were sterilized by filtration (pore size, 0.45 ,zm; Millipore Corp., Moselheim, France) before being concentrated 100 times on a Diaflo PM 10 filter (Amicon Corp., Lexington, Mass.) in a stirred cell (Amicon). The protein content of the concentrates was determined by OD at 280 nm to be between 15 and 30 mg/ml. The concentrates were stored at -70°C until use.
Chromogenic peptide assay. The chromogenic peptides (Table 1) were from KabiVitrum Peptide Research, Molndal, Sweden. The assay foll6wed closely the procedure previously described (4 To the wells was then added 100 id of a 1 mM solution of the chromogenic substrates in distilled water, and the OD at 410 nm was recorded. For the substrates which did not readily dissolve, 10% dimethyl sulfoxide (Mallinckrodt, St. Louis, Mo.) served as cosolvent. The mixture was incubated for 10 min, after which the amount offree pNA liberated was measured by again determining the OD at 410 nm. The values recorded are the differences between this reading and the reading taken at time zero. For the very fast reactions which sometimes gave a maximal OD value even before the 37°C incubation, the zero adjustment was considered as the start of reaction. Each test was done in duplicate. The readings were performed at room temperature.
RESULTS
The hydrolysis profiles of L. jordanis BL 540, the Flavobacterium strains, and the P. aeruginosa strains are given in Table 2 . The complete profiles of the other protease-producing Legionella strains on the same selection of substrates have been reported previously (5 
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Bz-Phe- (5) are also split by a number of Flavobacterium strains. P. aeruginosa, represented by two strains, strongly split the substrate S-2251 which is used to determine streptokinase-activated plasminogen (manufacturer's information). The Acinetobacter strains were essentially negative, only A. calcoaceticus NCTC 17906 displaying a slight activity on substrate S-2586.
The activity of Legionella and Flavobacterium spp. on the enlarged selection of substrates constructed around the -Pro-Pro.pNA terminal chain is demonstrated in Fig. 1 . There is a marked similarity of the hydrolysis profiles within each group and a marked difference between the groups.
Whereas two of the four Flavobacterium strains cultured for 14 h in yeast extract broth produced PSE at the same level as the 10-h cultures in tryptic soy broth, the two other strains produced somewhat less (Fig. 1) . The hydrolysis profiles of the same strains on the -Pro-Pro.pNA substrates were generally similar (Fig. 1) .
DISCUSSION
The PSE, reportedly quite unusual in mammals and bacteria (14) , hitherto have eluded (Fig. 1) . Thus, despite some overall similarities of protease patterns observed between the two groups, they appear to differ with respect to N-terminal specificity of their PSE. Although previous studies (5) have shown great protease pattern homogeneity of strains belonging to the species L. pneumophila, the dissimilarities between some Legionella species are pronounced. Dissimilarities were also noted within the L. bozemanii species (5) .
Analysis of peptide hydrolysis patterns of Flavobacterium strains may also distinguish subgroups corresponding to species as shown in this study by the clustering of the two Flavobacterium sp. IIf strains ( Table 2 ). There are also relative similarities between the F. anatipestifer laboratory strain and recent isolates from ducks. The latter finding suggests that these organisms may belong to the same species, as expected from their origin and previous studies (see Materials and Methods) .
That species of Flavobacterium may, on the other hand, be heterogeneous with this assay is exemplified by the patterns observed with the F. meningosepticum and Flavobacterium sp. Ilb Table 1 . The Flavobacterium sp. PSE were analyzed from yeast extract broth (YEB) and tryptic soy broth (TSB) cultures. The Legionella sp. PSE were analyzed from YEB cultures only. strains (Table 2) . However, it is essential to note that the Flavobacterium sp. Ilb strains used deviate genetically from each other as shown by DNA reassociation (10) . Also, strain NCTC 10016 (type strain) of F. meningosepticum appears to be genetically distinct from the other two strains of this species examined (10) .
We conclude that the use of chromogenic peptide substrate groups with very similar peptide configurations could be of value for characterization of bacterial genera and species. The substrates can be synthesized reproducibly and apparently have a great potential for use in the determination of various protease activities.
